Objective: To describe and compare body composition and fat distribution of Australian women 18-44 years from an urban and rural location. Design: Cross-sectional survey and collection of anthropometric and body composition measurements. Setting: Newcastle and Tamworth in New South Wales. Participants: Convenience sample of women recruited through media and community. Main outcome measures: Weight, height, waist and hip girths, visceral fat area, body fat (kg and %) and skeletal muscle mass. Results: Of the total sample (n = 254), 53% resided in an urban area and the mean age was 28.0 (7.6) years. The mean age of rural women was significantly higher than for urban women. The majority of women (66.5%) had a Body Mass Index within the healthy range (18.5-24.9 kg m À2 ) and there was no significant difference in mean Body Mass Index between rural and urban women. Measures of central fat distribution, waist circumference and waist-to-hip ratio were significantly higher in rural residents. Visceral fat area was significantly higher among rural women. After adjustment for age, differences in waist circumference, waist-to-hip ratio and visceral fat area were no longer statistically significant. Conclusion: While we did not find statistically significant differences in body composition among urban and rural women, these results highlight the dramatic effect of age on measures of central adiposity. Population surveillance needs to incorporate measures of excess central adiposity, particularly visceral fat area, to better investigate changes in body composition among women in their 20s and 30s.
Introduction
Australian women in regional and remote areas are more likely to be overweight or obese (63.2%) compared with those living in the major cities (52.5%), and as a result, also experience higher rates of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). 1 There is a growing trend towards increasing weight in Australian women, particularly in their 20s and 30s, gaining an average of 10.1 kg over this life stage. 2 Between 1995 and 2011-2012, in women aged 18-24 years, prevalence of overweight and obesity has increased from 26.3% to 31.8%. 3, 4 Epidemiological studies predominantly report body composition using standard measures, such as height and weight, used to calculate Body Mass Index (BMI; kg m À2 ), to indicate risk of chronic disease. 2, 5 While BMI is a simple, uninvasive technique that is commonly used to classify obesity, 6 it does not differentiate between fat mass (FM) and fat-free mass, nor does it describe fat distribution. Additionally, these measurements are often self-reported and participants are likely to underestimate weight and overestimate height, 7 leading to inaccurate BMI estimates. Measures of central fat distribution, including waist circumference (WC) and waist-to-hip ratio (WHR), provide a more accurate description of overall body fat (BF) distribution. 8 Having excess visceral fat as a proportion of total BF is also a predisposing factor for obesityrelated chronic disease. 9 Therefore, it is important to measure body composition using a variety of methods, direct and indirect.
This article presents data from the Average Australian Woman (AAW) study, a cross-sectional study designed to examine body composition, health and lifestyle parameters in young Australian women. The aim of this analysis was to describe body composition and fat distribution of Australian women aged 18-44 years, comparing women from an urban and rural location.
Methods

Study design
The cross-sectional AAW project was undertaken at The University of Newcastle (UON). Data were collected from the Newcastle and Tamworth regions in New South Wales, Australia. Women completed an online survey to determine whether they were eligible to participate. Eligibility criteria included women, aged 18-44 years (age range chosen to match adults in Australian Health Survey (AHS) 3 ) and ability to travel to the UON facilities in Newcastle or Tamworth for a 60-min measurement session. Exclusion criteria included currently pregnant or breastfeeding, recent birth (last 12 months) or recent cosmetic surgery that changed the shape of their body.
Participants
Participants were recruited using various media (e.g. university website, local newspapers and radio) and social networking media (e.g. Facebook) at the UON and in the local communities, through communitybased promotion and snowball sampling. Sample size was calculated based on national WC data, as the most variable measurement for women aged 25-44 years. 4 To determine the true population mean to within 2 cm with 95% confidence interval, a sample size of 150 participants from each site was required. 
Participants' demographics
Eligible participants completed an online questionnaire using the Web-based tool: SurveyMonkey (https:// www.surveymonkey.com). Questions focused on demographics, postcode of residence, physical activity, dietary intake, clothing size and body satisfaction.
Geographical area of residence was classified using the participant's current postcode and the Australian Statistical Geographical Classification Remoteness Structure. 12 Those living in 'Major Cities' were classified as urban and those living in 'Inner Regional', 'Outer Regional', 'Remote' and 'Very Remote' areas were classified as rural.
Anthropometry and body composition
Height, sitting height, waist and hip (gluteal circumference) were measured using a flexible steel tape measure (Lufkin W606PM: Apex Tool Company, Sparks, MD, USA) using the protocol from the Australian National Nutrition Survey. 4 Two measurements were taken for each variable, with a third measure taken if the first two measures differed by more than 0.5 cm.
Body composition using a two-compartment model of composition was measured using a multifrequency bioelectrical impedance analysis machine (InBody 720: Biospace, Seoul, South Korea). Weight (kg) and body composition measures, including visceral fat area (VFA) (cm 2 ), BF (kg and %) and skeletal muscle mass, (kg and %) were measured. The Inbody 720 has proven to be comparable to the dual-energy X-ray absorptiometry (DXA) on a population scale; however, it can underestimate FM values in adults. 13, 14 Participants were required to be non-menstruating, refrain from vigorous exercise 24 hours prior, fasting for a minimum of 4 hours and empty their bladder prior to measurements. Weight was measured twice and a third measurement was taken if measures differed by more than 0.5 kg. The BMI was calculated and categorised. 6 
Statistical analysis
Questionnaire data collected in SurveyMonkey were directly exported to Microsoft Excel Version 2010 (Microsoft Corporation, Redmond, WA, USA). Anthropometric and body composition data were reported using descriptive statistics and tested for normality using the Shapiro-Wilk test. Independent
What is already known on this subject:
• Australian Body Mass Index data show that more rural women are overweight and obese compared with their urban counterparts.
• Body Mass Index might not be a reliable predictor of adiposity.
What this study adds:
• Differences in body composition among urban and rural women were not statistically different.
• Our results highlight the dramatic effect of age on measures of central adiposity.
sample t-tests and Wilcoxon's rank-sum tests were performed to compare mean values by urban and rural location. Based on a specific study, 15 %BF levels were grouped into three categories: 'Under fat' (<21%), 'Healthy fat' (21-35%) and 'Over fat' (≥35%). Waist circumference and WHR measures were classified according to World Health Organization (WHO) cut-off points, 16 which include increased risk (≥80 cm) and substantially increased risk (≥88 cm) of metabolic complications for WC and substantially increased risk (≥0.85 cm) of metabolic complications for WHR. Visceral fat area measures were dichotomised according to a cut-off point of 80.1 cm 2 based on one study 17 Two sample tests of proportions were performed to compare proportions in each of these categories by urban and rural location. Multivariable linear regression was also used to explore the association between urban and rural location and measures of central adiposity, with models controlled for age. Results were considered statistically significant if P < 0.05. Data and statistical analysis were performed using Stata statistical software version 14.1 (StataCorp, College Station, TX, USA).
Ethics approval
The study was approved by the UON Human Research Ethics Committee (H-2014-0021) and was conducted in accordance with the National Statement on Ethical Conduct in Human Research. Participation in the questionnaire component of the study implied consent for the online survey and written informed consent was obtained prior to measurement session.
Results
Demographic and health-related data
A total of 254 women were recruited for the study and 53% resided in an urban location. Of those currently residing in a rural area (n = 119), 109 were living in 'Inner Regional' areas, nine in 'Outer Regional' and one was living in a 'Remote' area. The mean standard deviation (SD) age was 28.0 (7.6) years and the rural women were slightly, but statistically significantly older. A majority of participants were born in Australia, with 2.8% of Indigenous background.
In terms of health-related characteristics, rural women had more pregnancies and reported dieting more often, though there was no difference in the numbers 'Currently trying to lose weight'. There were no detectable differences in hormonal contraception use, levels of moderate and vigorous physical activity or in responses to the Short Diet Questions.
Further demographic and health data are shown in Table 1 . Due to detected differences in age between urban and rural women, regression analyses incorporating location and adjusted for age were performed for all anthropometric and body composition measures in Table 2 . Table 3 shows the regression coefficients and P values only for those measures found to be statistically different for urban and rural women on bivariate analysis. After adjustment for age, there were no longer any differences in measures of central adiposity among urban and rural women (WC model adjusted R 2 = 0.099, P < 0.0001; WHR model adjusted R 2 = 0.091, P < 0.0001; VFA model adjusted R 2 = 0.090, P < 0.0001).
Anthropometry and body composition
Discussion
Our analysis determined that mean BMI and %BF figures were comparable for women from urban and rural areas. There were also no statistically significant differences in distribution of women across BMI categories or %BF categories (Under fat, Healthy Fat and Over fat), suggesting that there were no differences in total BF between women in the two geographical locations. However, the central distribution of the BF was found to be significantly higher for women residing in rural locations, as bivariate analysis indicated WC, WHR ratio and VFA were all significantly higher in rural, compared with urban, women. The mean WC and WHR for Central adiposity and higher visceral fat have been associated with increased risk of metabolic abnormalities, including adverse lipid profiles and insulin resistance, both of which are associated with increased risk of developing T2DM and CVD. 18, 19 Women who live in rural areas tend to have poorer health outcomes and higher rates of ill health compared with those living in urban areas. 1, 20 In our outer regional and remote sample, there was a trend for higher mean values for BMI and fat distribution compared with women in inner regional and urban areas. Although the proportion and sample size (n = 9) in this study for women from outer regional and remote settings were small, our findings are consistent with previous data. 1, 21 While we were unable to use the data to draw statistical conclusions, these trends warrant further investigation.
Universally agreed cut-offs for VFA are yet to be established; however, a VFA above 100 cm 2 has been linked to an increased risk of obesity-related disorders in some ethnic groups. 22, 23 A recent study determined a cut-off for VFA of 80.1 cm 2 for women with gastrointestinal cancer, using metabolic syndrome as a risk indicator.
17 While the combined average VFA for urban and rural women was well below this suggested threshold, rural women were, on average, slightly above and women in outer regional areas were well above this threshold. This trend suggests that as geographical remoteness increases, the prevalence of visceral obesity increases, thereby increasing risk of developing T2DM and CVD. 9, 19 In the 2011-2012 AHS, 3 of women aged 15-44 years, 22.4% were identified as overweight and 22.1% were obese. These values are considerably higher than the results of this present study (overweight: 17.7%; obese: 12.2%). The majority (66.5%) of the women in the current study (aged 18-44 years) had a BMI within the healthy range, which was considerably lower than the women who were 15-44 years in the AHS (52.5%), which might be explained by the use of the convenience sampling method.
Every attempt was made to ensure validated measurements and protocols were followed. However, there are a few limitations to consider when interpreting these data. The short time frame for data collection might have limited recruitment of a broad sample of women and created a bias of women from a university sample. Recruitment of women from the local community was facilitated through local radio, newspaper and community-based promotion, but the location of the measurement equipment at university sites might have led to a higher proportion of staff and students as participants, given that 31.5% of participants were currently studying and that 42.9% of participants were aged 18-24, suggesting that about one-third of participants might have been university students at the time of the study, although status of university affiliation was not recorded. In addition, there is also likely to have been some volunteer bias among participants who were more health conscious than the general population. This study provides valuable body composition data for a sample of Australian women and highlights the differences in body composition for women from rural and urban areas. While we did not find statistically significant differences in body composition among urban and rural women, these results highlight the dramatic effect of age on measures of central adiposity. A recent review provides similar findings, with a quadrupling of visceral fat in women between the ages of 25 and 65 years. 24 Our results provide a comparative guide for future development of BF ranges to classify obesity, as well as reference values in similar populations. Alternative methods of surveillance in assessing excess adiposity might prove more useful and future studies should focus efforts on examining fat distribution, particularly for women living in more remote areas. 
